Abstract. The development of mobile technology is now increasing rapidly, demanding all activities including learning should be done on mobile devices. It shows that the implementation of mobile application as a learning medium needs to be done. This study describes the process of developing and evaluating the Moodle-based mobile Learning Management System (LMS) application called Student Centered e-Learning Environment (SCeLE). This study discusses the process of defining features, implementing features into the application, and evaluating the application. We define the features using user research and literature study, then we implement the application with user-centered design basis, at the last phase we evaluated the application using usability testing and system usability score (SUS). The purpose of this study is to determine the extent to which this application can help the users doing their tasks and provide recommendation for the next research and development.
Introduction
Currently smartphone devices and the accessibility of the internet has become the basic needs of the world community including Indonesia. The Internet sparked new innovations in various fields, one of the emerging innovations in education is e-Learning. An e-Learning process' has four basic components of infrastructure technology which are e-Learning content, e-Learning users, and the most vital is the e-Learning software platform or so-called Learning Management System (LMS) [1] .
The Faculty of Computer Science Universitas Indonesia e-Learning team has developed an LMS known as Student Centered e-Learning Environment (SCeLE) based on Moodle. Until now SCeLE Mobile application development has never been done, but one of the strategies to increase the use of LMS is by developing a mobile application [2] . At the time of developing the application, the risk of failure also needs to be considered. According to Weinschenk, three of the 12 common causes of failure of software development projects (applications) are closely related to the user experience [3] : the needs are not well defined; Lack of communication between developers and users; And stakeholder politics. Weinschenk also added that the user experience problem can be overcome with user-centered design, which focusing on gaining a deep understanding of the pre-users throughout design and development life-cycle [4] . Therefore, it is necessary to implement and evaluate the SCeLE Mobile design with user-centered design into mobile application. In this study, we will develop the mobile applications and then evaluating for known what needs to be improved. The main purpose of this research is to continue the implementation of SCeLe Mobile from previous research, evaluation as improvement material for further research, to see suitability of application to user requirement, and get feedback for future research and development. 
Relevant Literature Review

SCeLE Based on User-Centered Design
User Centered Design (UCD) is a framework of designing and developing products that focus on understanding the potential users [4] . This framework also guarantees the product (software or website) will easy to be used [5] . The International Usability Standard ISO 13407, which is the basis for UCD, stated six things that must be pointed out in UCD [5] . It emphasizes the user involvement in design, development, and evaluation. The design prototype of SCeLE based on user-centered design was introduced by Ibadurrahman [6] . He developed the prototype by improving a previously made prototype which designed based on Moodle Mobile, a mobile app created using HTML 5. By using UCD he constructs the prototype using Material Design principal, which is commonly used on Android devices. Using commonly used design principal will make the user easier learning the application.
Android Platform-Based Application
Platform-based apps are an application that is specifically created and used on a specific platform, for example only on the Android operating system [7] . This type of application is developed using a specific programming language (e.g. Java), but is more dependent on the use of application frameworks, supporting libraries and runtimes in the form of thousands of lines of code typically written in C and C ++ [8] . In the Android operating system, applications are usually developed using the Java programming language with the help of application frameworks that provide access to the API framework so that it can be used by core applications [9] .
Mobile Usability
Usability is a qualitative assessment of the user interface in a product such as websites and mobile applications in addition to its purpose that allows users to achieve specific goals [10] . Usability can also be described as "the extent to which a product can be used by a particular user to achieve its goals with effectiveness, efficiency and satisfaction in a particular usage context" [11] . There are three (3) usability aspects on any type of software: 1) more efficient to use: user takes less time to work on a task; 2) easier to learn: the software can be learned by simply observing and trying them; and 3) more user satisfaction: the software used meets the expectations of its users.
Small screen size, limited interaction model, unreliable network connection, limited processing and storage space, and dynamic usage environment and context make mobile usability an important factor in mobile application development [10] . In addition, users prefer mobile apps that are easy to learn, take less time when completing a task, and are easier to use [12] . Therefore, evaluating the mobile application especially in terms of usability needs to be done to know the quality of the application from the user side.
Usability Evaluation
Evaluation is an activity related to data collection related usability of a product, involving a group of users in a specific environment and context [13] . While the usability evaluation is a series of procedures performed to collect data related to the interaction between users with software products, to find out how big the contribution of a software in helping users achieve goals [14] . So, in the end the results of the usability evaluation can be used to predict the success of a product when it is launched [15] . There are 12 steps that should be done to conduct usability testing [16] : 1) define the usability evaluation's goal; 2) specify user interface aspects that will be evaluated; 3) identify the target users; 4) determine the usability metric that will be used; 5) decide the evaluation method; 6) select the tasks that will be executed; 7) plan the experiment; 8) gather the usability evaluation data; 10) give improvement recommendation by criticizing the user interface; 11) reiterate the step (when needed); and 12) summarize the result. 
Method
Methods conducted during the study are as follows. First, we do the review of relevant literatures and make online surveys about the use of SCeLE in general. The survey also contains user-owned smartphone information that is used as the target of the application development platform. The results of the literature study and online survey are used to design the information architecture including what features that will be implemented into the application. The next step is to implement the application on the platform in accordance with the data analysis results. This implementation uses a prototyping methodology.
The prototype is made in the form of an Android platform-based application. Application development is carried out based on prototypes that have been made from previous research with changes tailored to the results of this research. The prototype development process started by modifying the application that has been made. The original application is an open source application called MDroid (https://github.com/praveendath92/MDroid) developed by Praveen Kumar Pendyala. The principle of the eight golden rules is also used in this development. We use the principle because it has often been adapted into various types of systems to identify usability problems [17] .
After the prototype of application is made, we conduct the usability evaluation in the form of usability testing and SUS to 14 participants. Usability testing is used to obtain qualitative and quantitative data used as input application development. While SUS is used to obtain quantitative data from tested applications that are used as a reference value of usability of SCeLE Mobile. Participants consisting of 10-15 peoples were asked to run nine (9) tasks and then we ask them to assess the application through SUS. We also request feedbacks from participants regarding the experience of using the application. Table 1 shows the template task scenario used during usability testing. After completing the task, participants were asked to rate the difficulty level on a scale of 1 (easy) to 4 (difficult) when working on the requested task. The degree of success is also written with the 'S' code if successful, 'PS' if successful but requires guidance, and 'F' if it does not complete the task. The degree of success is an indicator of success seen from the researcher, while the difficulty level is an indicator of success seen from the participant side. Both indicators are used so that the analysis results are seen from two directions, so the results can be more accurate. At the end of the usability evaluation we ask the participant to fill in the SUS questionnaire which has been translated into Bahasa Indonesia [15] . At last, we performed a data analysis of the findings from the usability testing and SUS score to be concluded for the next research guidelines.
Results
The results of online survey analysis from 107 respondents and literature studies shows that the general activities of the user are accessing the tasks and materials of a course. Previously, we have been divided the user activities into five classification which is material, course, assignment, forum, and calendar. Then from these activities, the main problem which faced by the user is a complex display when they look for information [6] . Figure 1 shows the detail of the general activity classification performed by the user. The dominant category of activity that was carried out by 107 respondents is Material (57%) and Assignment (55%). Then the next common category is Course (42%) where 45 of the total respondents do the activity. Subsequently a recessive category was the Forum of 37 out of 107 (35%) of respondents and Calendar 24 out of 107 (24%) respondents.
Figure 1. General activities that has been classified into categories in percent
Further data on the smartphone information owned by users (Figure 2) shows that 85% of total participant is using Android, make it become the most widely used platform. Implementation is then performed on the Android platform and focuses on the navigation features related to the course including tasks, materials, and information about the course. The example of implemented application can be seen on Figure 3 .
Figure 3. The example of SCeLE Mobile view
Due to the limited API provided by Moodle, not all features that have been planned before can be implemented. One of the features is uploading assignment on the course. An alternative solution to this limitation is giving users access through a browser that leads to the SCeLE website. The differences between planned features (from design prototype [6] ) and implemented features can be seen on Table 2 . Table 3 below explained the results from each participant. SUS scores with these values can be categorized as having a good usability as they are over 68, as defined by Sauro [15] . Then, the SUS score can also be an indicator that the SCeLE Mobile application has a 'good' property of grade 'C', if judged by the Bangor categorization method [18] . Although the results of the usability evaluation are good enough, there needs to be improvements that must be done. These improvements include hiding unnecessary progress status at login, changing the content writing on the confirmation box when marking the course into the starred course, changing the icon and mentioning the starred course become more representative, making the thread reply feature, changing the content icon inside the course, rearrange the layout of the content in the form of a list or thread, provide a download indicator in progress or finish, add photos to the participant list of the course, click date mechanism and range of events that appear on the calendar, add search features in the forum, and notification feature improvement. The enthusiasm of the participants of this study when trying to use SCeLE Mobile application is quite high. Many of them are looking forward to the development of this application. In addition, the applications developed in this study are still in prototype form, so there is still an opportunity for further development. Therefore, the next SCeLE Mobile application development should continue to be implemented.
